Abstract: A suitable potential energy function was found by analysing the potential functions proposed by Morse, Mohammad and Rafi et al. for the A 2 Σ + --X 2 Π 3/2 and B 2 Σ + -X 2 Π 3/2 band systems of GeF and the 1 Σ-1 Π band system of SiF. It was found that the potential proposed by Rafi et al. is in close agreement with the Rydberg-Klein-Rees (R-K-R) potential. Using this potential, the wave functions were evaluated by the Wentzel-Kramer-Brillouin (W-K-B) method. The Franck-Condon factors and r-centroids were computed by a numerical integration technique. The results are compared with available theoretical values. The intensities of the various bands were investigated.
INTRODUCTION
Spectroscopic research on the intensities in molecular spectra has two main components: (a) experimental intensity measurements in emission or absorption and (b) theoretical studies (including ab initio quantum mechanical calculation) of molecular potentials, eigenfunctions and the quantities derived there from, such as Franck-Condon (F-C) factors and r-centroids. 1 Detailed knowledge of F-C factors and r-centroids is essential for the calculation of many important data, such as radiative life times, vibrational temperatures of the sources and relative band strengths. The intensity distribution of various bands in any band system is mainly governed by the F-C factors. Singh 2 analysed the vibrational translation probabilities and r-centroids for diatomic fluorides of Si and Ge. Previously, the F-C factors and r-centroids were evaluated with the wave function computed using the Wentzel-Kramer-Brillouin (W-K-B) method for the SiH molecule. 3 Nagarajan et al. 4 computed the F-C factors and r-centroids for the SiF molecule. In the previous works, 2,4 the Morse potential 5 was used to find the wave function but not all of them obey the Morse potential. 5 In this work, a suitable potential energy function was found by analysing the potential functions proposed by 556 KANAGAPRABHA, PALANICHAMY and SATHIYABAMA Morse, 5 Mohammad 6 and Rafi et al. 7 for the A 2 Σ + -X 2 Π 3/2 and B 2 Σ + -X 2 Π 3/2 band systems of GeF and the 1 Σ-1 Π band system of SiF. It was found that the potential proposed by Rafi et al. 7 is in close agreement with the Rydberg-KleinRees potential. 8−10 Hence, this problem was revisited with the Rafi et al. 7 potential and the wave functions were evaluated using the W-K-B method. The F-C factors and r-centroids were computed by numerical integration techniques.
F-C factors and r-centroids
The intensity of each individual transition between vibrational levels for an allowed electronic transition is governed by F-C factors. The intensity of a ν΄,ν΄΄ transition in emission is given by:
where c is the velocity of light, E ν',ν" is the energy difference and R e is the electronic transition moment. When R e varies only slowly with r, R e may be replaced by an average value, R e,av . The quantity in the square brackets of Eq. (1) can then be written as:
Eqation (2) defines the so-called vibrational transition moment. The integral in the bracket in Eq. (2) is called the overlap integral and its square is known as the F-C factor. Thus, the F-C factor can be written as:
where Ψ 1 (ν') and Ψ 2 (ν") are the wave functions corresponding to the vibrational states ν' and ν", respectively.
The r-centroid is a unique value of internuclear separation, which may be associated with a ν→ν" band and is defined as:
RESULTS AND DISCUSSION The molecular constants for the A 2 Σ + -X 2 Π 3/2 and B 2 Σ + -X 2 Π 3/2 band systems of GeF and the 1 Σ-1 Π band system of SiF are given in Table I . The wave functions were obtained by the W-K-B method following the procedure of Wu. 11 Then, the F-C factors for the A 2 Σ + -X 2 Π 3/2 and B 2 Σ + -X 2 Π 3/2 band systems of GeF were determined by the numerical integration technique and the values are given in Table II and Table III . For comparison, the F-C factors calculated by Singh 2 are also given in parentheses. From Table II , it can be seen that the (0-2) band is the most intense one of the A 2 Σ + -X 2 Π 3/2 band system, although the intensities of the other bands (2-2), (1-0) and (0-1) are also comparable with that of the (0-2) band. The results are in close agreement with the values computed by Singh 2 for the (0,1) and (0,3) bands. For all the other bands, there is a small deviation. This is because in this work the Rafi et al. 7 potential function was employed, whereas Singh 2 used the Morse potential function for computation of the wave function. From Table III , it can be seen that the (0-0) band is the most intense of the A 2 Σ + -X 2 Π 3/2 band system. The intensities of the other bands (3-2), (1-0), (1-3) and (4-2) are comparatively intense. The F-C factors computed for 1 Σ-1 Π band system of SiF molecule are given in Table IV , together with the values calculated by Nagarajan et al. 4 It can be seen from Table IV that the (0-0) band is the most intense one, followed by the bands (1-0), (1-1), (2 − 1) and (3-2) bands, which are also intense. For A 2 Σ + -X 2 Π 3/2 and B 2 Σ + -X 2 Π 3/2 band systems of GeF, the r-centroids were computed using the wave function computed by the W-K-B method. The evaluated values of the r-centroids are given in Tables V and VI. The r-centroid values calculated by Singh 2 are also given in parentheses for comparison. From Table V , it can be seen that the r-centroid value is high for the (4-4) band. The values for the other bands (0-4), (0-5), (1-4) and (1) (2) (3) (4) (5) are comparable with that of the (4-4) band. From Table VI , it can be seen that the r-centroid value is high for the (3-1) and (5-3) bands. For the 1 Σ-1 Π band system of SiF, the computed r-centroid values are given in Table VII . For comparison, the r-centroids calculated by Nagarajan et al. 4 are also given in parentheses. From Table VII , it can be seen that the r-centroid value for the (4-0) band has a higher value compared to the other bands. It is found that the values calculated in this study are in close agreement with those computed by Singh 2 and Nagarajan et al., 4 for some bands, while there are small deviations for some other bands. A suitable potential energy function was fitted for the A 2 Σ + -X 2 Π 3/2 and B 2 Σ + -X 2 Π 3/2 band systems of GeF and the 1 Σ-1 Π band system of SiF and the Franck-Condon factors and r-centroids values were evaluated. It was found that, for the 1 Σ-1 Π band system of GeF and for the 1 Σ-1 Π band system of SiF, the (0,0) band is the most intense. However, for the A 2 Σ + -X 2 Π 3/2 band system of GeF, the (0,2) band is the most intensive. The obtained results are compared with the values computed by Singh 2 and Nagarajan et al. 4 It is found that the calculated values are in close agreement with them only for a few bands. For all the other bands, there is a deviation. This may be because different potential functions were employed for the computation and to the different methods adopted for the computation.
